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The areas devoted to grain sorghums in tho dry regions of tho 
Southwest aro rapidly increasing. Tho importance. of these crojjs, 
however, is even greater than can bo measured in terms of increased 
acreage. Tlioy aro staple crops in much of tho new dry-farming 
area of the southern Plains region and other parts of tho Southwest. 
Ill many cases they aro tho chief dej)endenco of tho new settler, and 
their success or failure determines his ability to become established. 

This paper presents the best known methods of improving the 
grain-sorghuin crops on tho farms -vvhero they aro grown. These 
methods aro simple and inexpensive of time or money, and are 
therefore within tho reach of all farmei-s. ^lore attention to the 
bettering of the quality and yields will be repaid as fullv in these 
crops as in other cereals. 
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B. P- 1.— C57. 

BETTER GRAIN-SORGHUiM CROPS 



IirTRODTJCTIOX. 

The aim of this paper is to teU the farmer who is growing grain 
sorgliuins how he can best improve these crops. By grain sorghums 
is meant all the difTcrent varieties of the groups or sorghums called 
milo, kafir, durra, and kowliang. Of these groups onlj' the knfirs 
arc grown to any extent for forage, apart from the grain. The other 
groups arc grown almost wholly for the yields of grain. 

By improvement is meant changes both in the habits of the plants 
themselves and in the methods of handling them. These changes 
must bo such as will make them better yielclcrs or otherwise better 
adapted to the needs of the grower. Some of these cliaiigos will ho 
ui tiiG mutter of purer varieties, greater drought resistanec, incrcastul 
earliness, dwarfer stature, better heads, thuiner seeding, and machino 
harvesting. 

In many loealities unimproved varieties of grain sorghums ari^ 
being grown. Most farmers can improve their local varieties. Some 
of them do so to a very creditable extent; others neglect this entirelv. 
Such work should bo much more generally done, and ])robably would 
be if the methods of doing it were more commonly understood. In 
other communities improved varieties have been introduced and arc 

grown by most of the farmers. The work of iinpro\'ing them must 
e conthmed by the growers, however, or the varieties are likely to 
become gradually poorer. This is caused h}' accidental mixtures of 
seed or by crossmg with other varieties or with unimproved strjwns 
of the same variety. 

The annual loss from smut is serious, in the kafir varieties, espc- 
eiallj', thoudi it may readily bo provented. The milo varieties are 
not afrccted by smut under any circumstances. 

Before taking up the study of methods of improvement it is 
desirable to cojisider the region hi which these crops are grown aJid 
to know something of their origin, history, gwicraJ ftd»j)tations, and 
importance. 

THE ORAIir-SOROHUlIC BELT. 

The grain sorghums are most htrgclj^ grown m the southern half 
of the Grcftt Plains region (fig. 1). 

BOimDAJlIXS. 

Broadly speaking, this region includes the plain Ij'ing between 
the ninety-eighth meridian of longitude and tho Rockj'- Mouutahis. 
The southern half erf it may be eaid to include tho area between the ^ 
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northern boundary of Kansas and the Mexican border, although the 
cxtremo southern part of western Texas does not belong to tho Plains 
proper. Tlie area thus bounded takes in the western half of Kansas, 
the western third of Oklahoma, tho western half of Texas, and all of 
Colorado and New Mcxieo lying s*«t of the mountains. In round 




I'lo. 1,— Ma.) ot the Great Plains area, sliowltiB tho annual nnd tho swisonal rainfall. 



numbers it is 400 miles wide luid 1,000 miles hmg. So important 
are tliose cro])s in tliis area th»t it may well be caUecl the "grain- 
sorghum belt." 

SUKFACE FEATTTRES. 

The surface of the aroa just outlined is in general a gently rolling 
plain, .sloping stoachlv oiustward from an elevation of 4,000 "to 5,000 
foot at tlio base of the lioekies to ail average eleratiou of 1,000 to 
4m 
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1,500 foot at the ninetj'-eighth meridian. The liighest seetion hi 
these phiiiis is not at the base of tlio mountains but some distance 
east ol them, in Elliert and El Paso Counties, Colo., where the altitude 
inereases to nearly or quite G,5Q0 feet. While the nniin sloi)e is 
towwid the east, there is also a seeondary slope to the north and 
south from this high area in Colorado. Looked tit from above, the 
surfaeo of the whole Great Plains region may be compariKl iu outhne 
to half of an inverted saueer, the rim lying toward the mst. 

SOILS AND PLANT COVERING. 

The soils of this region var}' from the dark clan's of the centnd 
Panhandle and the red clays of western Oklahoma, through sandy 
loams found in seattere<l areas throughout the whole ration, to very 
sand}' soils sueh aa charaeterixe the siwid-hill country of Kansa* and 
Colorado. 

The ])lant eoverin" of the loams and ehiys is mostly a dense sod of 
buffalo grass and bine grama mixed. In general these are called 
"tight" lands or "short-grass" countr}'. In southwest Texas the 
buffnio grass gives place to the curl}' niesqnite (Ililuria ccnchroidrs) , 
or runnmg mesquite, as it is often called. On tJie more sandy soils 
are founil taller and more bunchy grasses, such as tiie bluftslems 
■{Avdropogon s]w.) and the needle grasses, or wire-gnusses {Anslula 
spp.). In much of western Texas the ])lains have been larijel}' 
covered b}' a more or less dense growth of the mesipiite tree (rro- 
soi)is). In southern Texas this beeomes a large tree, hut lus it n.sec4uls 
to the higher ])lains its size diminishes until m (die iipi>«r Pwahwidle 
it is only a low slirub or busli. 

CLIMATE. 

^NHuit reall}' separates the so-called Great Plains region from the 
country lying immediately east of it is, ])rimarily, not difTerenees in 
either elevation or soil, but the lower rainfall and higher eva])ora- 
tion of moisture. The average annual rainfall for the grain-sorghum 
belt, na defined above, is about 20 inelies, varj-ing in dilTerent parts 
from 15 to 25 inches, of whicJi more Unui haJf eom«s in t,he months of 
A])ril to Se])tember, inelusive. (See fig. 1 .) 'J'lie summer t^nipertii.- 
ture is fairly high, and this, with the steady winds which ])revail 
over much of this area, makes evaporation rni)id and continuous. 

All eroi)s to he suitable for use m this area must have the ability 
either to withstand or to esea])0 drought in one wa}' or another. 
Djy, hot winds occasionally occur in some parts of the region, often 
quiekly and completely destro3nn<j all tender vegetation. At the 
higher elevHtions and m- the northern ])art generally the season is 
comparatively short. Late sprinij frosts occur and tlie first frosts of 
autumn eome rather earl}'. Early varieties nmst therefore be used. 

AGRICULTURAL DEVELOPMENT. 

The process of dividing the great eatUe ranges and soiling tiieni 
for farms is going on steadily. nHierever Government land remains, 
homesteads are being taken up. In the past few years the settle- 
ment of this dr}' eountry has been ver}' rapid, llapid settlement 
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rany be desirable; it is much more important, however, thnt it be 
permanent. This has not ahvays been the case. More tluin onee 
eonsiderable areas have been largely abandoned after having been 
nuitc well settled and imjjroved. The abandoned farms reverted 
first to weed crops and finally to grass and sod. These conditions 
were true in the early eighties and again in the early nineties. The 
prineijjal cause was a scries of unusually dr^ seasons. Loss of crops 
starved out many settlers who had little cfcpital to carry them through 
such crises. 

It is quite probable that such unfavorable periods will occur again. 
Plains settlers must j)re])are to endure them with as little loss as 
possible. In two important ways the farmer is much better equi])ped 
than he was 15 or 20 years ago. Better and more drought-resistant 
crops and croi) varieties have been found or produced, and better 
methods of tilling the land in dry regions have oecn developed. 

No one may say with certainty just what the agricultural future of 
this southern Plains region is to be. It gives ])romiso of becoming a 
second great feeding belt, similar to the corn belt. The compara- 
tively mild wiutei-s and nutritious grasses which made it a famous 
grazing country will helj) to make it a fanioiis feedhig area. It is 
true that the native range carries only one head of stock the year 
round on each 25 to 50 acres, owing to the small size and slow growth 
of tiie grasses. However, the carrying capacity per iicre may be 
enormously Increased by sui^plemcnting tiie native pasture with 
crops sui)j)lyiiig forage and feeding grains. 

Aothin<^ better could be wished tiian that this area should grow 
stock and the crops to feed them, lender such a system of farininj' 
it would i)roduce many more live stock than it ever did or could 
under the raiich and rmv'c system. If it should raise a money crop 
in addition, so much the uetter. This might be cotton in the soutii- 
ern part, winter wheat in the central, ajul sjjriiig wheat in the iiortlierii 
part, with broom corn and other minor croi>s in different i)arts. The 
area is admirably adajjtcd to growing both tlie stock and the nec(»- 
sajy feccHiig erop?5. 

IMPORTAJFCl OF THX GEAIIT-SORGHUK CEOP. 

" The following pages give briefly the history of the grain sorghums 
in the United St-fites, the general conditions to which they arc adapted, 
and some statistics of their acreage, yield, and value. 

HISTORY OF THE VARIETIES. 

It is only 35 years since the first grain sorghums (fig. 2) were 
introduced Into the United States. It is only 20 years since any of 
them have become crops of recognized importance. Although grain- 
producing varieties had probaoly been introduced from time to 
time since the early colonial days, none had remained in cultivation. 

The first permanent introductions were the two durras, Brown 
durra and White durra, which reached California in 1874 under the 
names "Brown Egyptian corn" and ""White Egyptian corn." On 
account of its earliness and drought resistance, tlie white variety 
became popular in the central Plains region during two different series 
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of dry years. Tlic first ^vlls from 1880 to 1884, wlion it was known is 
"Rico corn." Again, 10 years latc-r, it was rallu-r widely crown 
under the name "Jernsalcni corn." Both tlio wliito and tlio brown 
varieties, but cspoeially the whit«, are still sj^aringly ^'rown ni the 
dry Southwest, from Kansas to California. That they did not r(>niani 
in general cultivation is i)robably due to the ready sliattt>ring of the 
seed when ripe and to the irritating hairs on the glumes. 

Two varieties of kafir, tho "White and the Red, were brought from 
South Africa in 1870. Thev did not come into general cultivation m 




Fro. 2.— SlioavftB of Improved grain sorghums: 1, llcd kadr; 2, Shallu; 3, Blackhull kaflr; 4, White dwre; 
6, Urowii kowHang; 0, Miio; 7, Dwarf Milo. 

the Plains until about 1S90, 14 j'ears later. The Blackhull kafir 
appeared soon after, but whether it was a part of the original importa- 
tion, separated by selection, or was a later introduction will probably 
never be known. The original White kafir is rarely found in cultiv*- 
tion to-dtw, but the Red and the Blaekhull are important crops. 

^lilo was first introduced into South Carolina or Georgia about the 
year 1885, but did not come into general notice until about 1890, 
when it had become a staple crop in parts of west Texas. 

The kowliangs have been commg from China and Manchuria since 
1901. Mast of them have required considerable selection to make 
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thoin suitable for use as grain crops. Nono of them has been long 
eiioiigli in the hands of farmers to l)c considered a farm cro]). 

In the brief space of the last 20 years, however, the luilos and 
knf'irs have greatly inerensed in importance. They are now grown as 
staple farm crops on a large scale in a considerable area of tlie West. 

ADAPTATIONS TO THK ORAIK-SOBOMUM BELT. 

It is in the region described that the grain sorghums prove them- 
selves most completely at home. 'J'hcy are not only sta])lc cro])S 
here, but are in many cases the chief dependence of the new settler. 
This is because they may be grown as sod croi)s. By liouicsteadors 
with small means and" limited equipment they can be cheii])lv 
l)lanted on breaking. They are often plantod, cuftivntcd, harvcste<l, 
and even thrashed by hand under sueii circumstances. 

When these crops "were first introduced they were tried in various 
parts of the United States. One after another they wore found un- 
suited to the conditions in most of the country and were discarded; 
but out on the Plains thev grew in favor with the farmer because they 
were able to withstand llie prevailing conditions. They arc able to 
grow and make profitable yields in hotter, drier climates than most 
crops. Some of them are early enough for use at comparatively hi^li 
elevations. They are all cultivated cro])s, entering reudilv into tlio 
rotation with spring-sown small grains. They furnish the feeding 
grain required on the farm; also some roughage, und occasionally both 
fuel and food in addition. The surplus can always be sold at fair to 
good prices. When grown on a large scale they mo huhdlcd rapid Iv 
iind profitably by machinery in every nooe^ary operation from seed- 
ing to milling. They are undoubtedly suit«l to l>oeouie th« luisis of 
a cattle-feeding industry thst will make th« Plains fmmer prosjierous. 

TJSaS OF THE GRAIN. 

STOCK FEED. 

Primarily these grains are and ought to be used in feeding stock 
on the farms where they are grown. This fact is due to their Tiistory 
as well as to their adaptations for such use. They M'cre the principal 
crops of the early settler in tlie dry-land areas of the southern Plams 
region. lie not only needed a feeding grain, but was ohm\ too far 
from market to sell profitably if lie had wished. 

The value of the grain for keeping work stock, growing animals, 
and dair}^ cows in excellent condition has long been recognized among 
the growers. The knowledge of its value in iiittening cattle and hogs 
for market is increasing. A number of expcrimonts to determine the 
feeding value have been conducted at the agricultural experiment 
stations of Kansas,' OklaJioma,' and Texas.-' .In manyofthese trials 

' Experiments with Koflr Corn; Bulletin 5fi. KansM Aprlpultural Experiment Station, 1S95, pp. l(j5-lC)7. 

• Digestion Experiments and Fodder Analyses; liullelln 37, Oklahoma Agricultural Experiment Sta- 
tion, 1899, pp. 1 20. Summary of Digestion Experiments with Kallr; Bulletin 35. Oklahoma Agricultural 
Experiment Station, 1898, pp. 1-4. Digestion Trials; Bulletin 40, Oklahoma Agricultural Experiment 
Station, 1900, pp 1-8. 

'Information negardlng the New Feed Law; Bulletin 95, Texas Agricultural Experiment Station, 
1S107, pp. 1-24. Kafir Com and Mllo MaUe for Fattening Cattle; Bulletin 97, Texas Agricultural Experi- 
ment Station, 1907, pp. 1-20. Digestion Experiments: Bulletin 104. Texas Agricultural Experiment Sta- 
tion, 1908, pp. 1-33. Bteer-Fecdlnr ExpwImMits; Bulletin 110, Texas Agricultural Experimmt Station, 
1908, pp. 1-23. P»i*»«dto. f^fd* ter Bee f Production; mi unauBibsftd uad«t«d elreutar of 2 p«s«6 
oltho Tex»6 AErleul«»»J«3%«rlm«ot Station. 
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the Blnckliull-knfir grain, ^s•l^iell was most gciicnilly used, was slujwn 
to liave n feeding value but little below that of corn. Cheniical 
analyses of the grain show it to contain slightly inoro protein and 
starch and a little less fat and fiber than corn. The somewhat lower 
feading value seems to be due U.y low&r di|;eeiibijitj rather thaJi to 
any particular (hffareivce in composition. 

The grain should be cHrefully ground before fwding in order to 
get the best results. In the form of niilo chops and kafir chops it is 
becoming a ])opulur commercial article. Choi)s arc nuido by grinding 
or cruslnng the thrashed grain more or less finely. Head chops mo 
made by chopi)ing or grinding coarsely the unthrashcd heads, and are 
tharafore similar to coni-and-cob meal. He»d cliojis wre Dot meeting 
^ith much f»vor m chojis bec«iu»e they contain cousideraUe so- 



«• • • ^ . • • • 

• 



Fio. 3 — Seeds of grain sorghums: i4. Mllo: B, White diirra; C. niackhiill kaflr D Heil kaflr; K, Brown 

kuwUanf : F, Shsllii. (Natur<al siM ) 

called ' ' dirt," which is composed of theglumehairs, awns, and fragments 
of the glumes and branches of the heads. For this leason many grain 
elevfttors in the Plains region have been equipjied with machinery for 
thrashing and grinding these grains. They are thus enabled to buy 
these crops in th« head and to thrash and grind thean at thoir leisuf* 
in order to prep«rt them for the marbet. 

POTTLTRY FEED. 

The grain-sorghimi stt&ds (fig. 3) are splendidly adapted, both iji 
size and composition, for foe<ling to nil classes of poultry. In many 
parts of the country, far outside of the grain-sorghum belt, small 
patches of kafir, durra, or other "chicken corn" are commonly grown 
on the farm, siaiply to furnkh chicken feetl. There were in lSK)6'raop© 
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than 100 firms engaged iu the manufacture of over 200 brands of 
poultry food. Figures furnished by 33 of these firms show an annual 
outpiit at that time of about 30,000 tons of these products. Approxi- 
mately 10,000 tons, or one-third of this total, consisted of the seed 
of Blackhnll kafir. This was mostly used in mixture with other 
grains, such as corn, wheat, screenings, etc. It is probably a con- 
servative estininto that kafir or other grain-sorghum seed forms fully 
25 per cent of the prepared poultry food sold in this country. So 
strong is the demand for these grains by the manufaeturers of poxdtry 
foo(l that similar varieties have been imported from as far away as 
India when the crop in this country was short. Considerable quan- 
tities were so imported in the wnter of 1909-10, following the short 
crop of 1909. 

XTTHAK FOOD. 

Meal made from the ^rain sorghums, ground locally, is not infre- 
quently iised in the making of batter cakes and similar articles on the 
farm. The general testimony is that these are delicious in quality. 
Some experiments are now being conducted in a small way to deter- 
mine tho value of tho meal for more extended use. There seems 
little reason why, when properly milled, it should not be used in much 
tho same iniviiuer as corn meal. Throughout Africa, India, ancl the 
other parts of southern and eastern Asia, where these crops are largely 
grown, they are not only commonly used as human food, but in many 
countries tliey furnish tho chief article of diet. 

STATISTICS OF ACREAGE, YIELD, AND VALUE. 

Complete statistics of tho production of these crops arc not avail- 
able. The national census, taken every 10 years, has not yet sepa- 
rated tham iu its schedules from other related crops. Of the five or 
six States wliich grow them largely only two gather State statistics 
of farm crops. These two are Kansas and Oklahoma. Tho figures 
have been gathered in Kansas since 1893, but in Oklahoma only since 
1904 for kafirs and since 1905 for milo. Tho facts given below have 
been compiled and adapted from the figures published by tho boards 
of agriculture of theeo two States. 

TOTAL SXAIlF-SOItSSTTU CXOP VX KAKSAS AXC 03CLAX0MA. ' 

' In Kansas the acreage of kafirs and milo has increased from about 
half a million acres in 1904 to nearly three-fourths of a million acres 
in 1909. In that State tho yield is estimated in tons of fodder, and 
the average for the last six years has been 3 tons per acre. The 
average value of these crops per acre for the same period has been 
$10.28. Although tho average yield per acre does not seem to be 
increasing, tho average acre value is rising; for the first three years 
of this period it was $9.00, for tho last three years it was $10.95. 

The records for the present State of Oklahoma are not complete. 
From 1904 to 1906, inclusive, tho figures are for only the old Terri- 
tory of Oklahoma; for 1907 to 1909 they are for the entire new State, 
including the former India^n Territory. The area devoted to those 
crops has increased from 500,000 acros in 1907 to nearly 700,000 
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acres in 1909. The yield of grain during the six years from 1904 to 
1909, inelusive, averaged 11.6 bushels to the aero. The average 
acre value of these crops diiriag that period was S5.68. No account 
was taken of 'the value of the stalks until the year 1908. In that 
year the value of the kafir stalks was found to be ueai'ly one-half as 
mueli as the value of the grain, or nearly one-third the combined 
value of grain and stover. In the case of the milo crop, the stalk 
value was exactly one-fourth the grain value or one-fifth of the com- 
bined value. It is not clear from the State reports wliother the 
fodder and grain represent the product of the same field or whether 
the figures for fodder are bassd on fields not harvested for the grain. 
It has been assumed that the former was intended. 

KAFIR, UILO. AST) COKK CROPS IX KAKSikS AND OKXAHOXA. 

In 1904 there were only 7,000 acres of milo in Kansas. By 1909 
this had increased to more than 100,000 acres. During this six-year 
period the average yield was 2^ tons per acre, the average vaJuo per 
ton $3.87, and the average acre value $9.52. 

In the same period the acreage devoted to kafirs had increased 
from 500,000 to 636,000 acres, with an average yield of 3 tons per 
acre and an average price of S3. 48 per ton. The average acre value 
was $10.33. 

During the same period the corn acreage had increased from 
6,500,000 acres to 7,750,000 acres, giving an average yield of 23.1 
bushels; the avera^^e selling ])rice was 44 cents per bushel, and the 
average acre value $9.83. 

Owng to the reasons already stated the figures for Oklahoma can 
not readily be compaied. Ilowevor, in 1909 there wore 203,000 
acres of milo mth an average yield during the five-year period of 
13.8 bushels, an average selHng price of 44 cents per bushel, and an 
average acre value of $6.31. 

The year 1909 showed 482,000 acres of kafir, with a six-year average 
yield of 1 1 bushels, an averaga value of 45 cents per bushel, and an 
average acre value of $5.56. 

There were 5,135,000 acres of corn gro\vn in 1909. The average 
yield for the six years from 1904 to 1909 was 19.45 bushels, the 
average price 43.5 cents per bushel, and the average acre value .1^8.29. 

The proportion of gram sorghums to corn grown in tlio-r States is 
steadily increasing with the settlement of the drier western portions. 
The average acreage of grain sorghui^s for the period from 1904 to 
1909 in Kansas was &c[U^ to 8.7 per cent of the average corn acreage. 
For the year 1909 alone it had mcreased to 9.6 per cent in spite of 
an enormous increase in the "ore "froage. In Oklahoma the same 
figures are not comparable because ol the change from a small terri- 
tory to a larger State. However, the average grain-sorghum acreage 
in the old Territory from 1904 to 1806 was equal to 25,6 per cent of 
the com area. In 1907, in the new St te, including both Oklahoma 
and Indian Territories, it was 12.6 ) cent; in 1908, 12.7 per cent; 
and in 1909, 13.4 per cent. The sua..fc.i decrease at the beginning of 
the second period is due to the fact that the area eornprising the 
former Indian Territory grows much corn and little grain sorghum. 
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As already pointed^ out, tlie grain sordiums are all grown most 
extensively in the drier areas west of the ninety-eighth meridian. 
In Kansas, during the period from 1907 to 1909, inclusive, ahout 
94 i)er eent of the milo, ahout 45 per eent of the kafir, and about 2.5 
er cent of the corn were found west of this line, whicli divides the 
tute almost exactly in half. In Oklahoma about one-third of the 
State lies west of this line and contains 97 per cent of the milo and 
79 per cent of the kafir, based on average* of five and six years, 
respectively. 

TJio 4G comities in the western half of Kansas grew, in roimd 
numbers, 240,000 acres of grain sorghums in 1907, .3.34,000 acres in 
190S, and .390,000 acres in 1909. This was an increase of .39 per eent 
in the grain-sorghum aereago for 190S and of IS. 6 per eont for 1009. 
The same counties grew 1,500,000 acres of corn in 1907, 1,750,000 
acres in 190S, and 2,000,000 neres in 1909, iuerenses of 17 ami 14 
per cent, respectively. The ratio of the acreage of grain sorghums 
to that of corn was 1 to G.2 in 1907, 1 to 5.-3 in 1908, and 1 to 5.1 in 
1909. The grain-sorghum aereago was tlierefoie equal to Ifi.l per 
eent, 18.9 per cent, and 19.5 per eent of the corn acreage of tJiese 
three years, respectively. Ten of these coimties grow larger areas 
of gram sorghum than of corn. 

In the 21 counties now comjirising the western third of Oklahoma 
there were grown 327,000 acres of grain sorghum in 190G, 423,000 
acres in 1907, 465,000 acres in 1908, and 580,000 acres in 1909, 
increases of 29, 10, and 25 per cent , respectively. The ratio of grain- 
sorghum acreage to that of corn was 1 to 2.1 in 1906, 1 to 2.7 in 1907, 
1 to 3.1 in 1908, and 1 to 3.07 in 1909. These ratios represent grain- 
sorghum acreages equal to 47.6 per eent, 37 per eont, 32.2 per cent, 
and 32.6 jier cent of the corn acreages for tlie same yimrs. rhre« or 
four of these counties grow more grain sorghums than corn. 

SUMMARY OF THE VALUES OF GRAIN SORGHUMS AND CORN. 

In Table I is given the minimum, maximum, and aA'crage value 
per acre of the gram-sorghum ami corn crops in Kansas and Oklahoma. 
It will lie noted that for Kansas the minimum acre amUuc of the, com- 
bined grain sorghums is not as low as the minimum for corn; that the 
maximum is nearly as high, and that the average aero value is higher 
by 45 cents an acre. In Oklahoma the facts are exactly reversed. 

Two facts must be kept in mind while comparing these figures. 
One is that for Kansas the yields and vaUies of grain sorghums are 
basftd on tons per acre and thus include the value of bothgrainand 
stovej-. The yields and values of corn, on the contrary, are based 
on bushels of grain \)or acre. If the value of the corn stover were 
also included, the average acre value for corn would probably some- 
what exceed that of the grain sorghums. The difference, however, 
would probably not be as large as in the case of the Oklahoma figures. 
The other fact is that the grain sorghums are most largely grown in 
the western parts of these States. Here the shorter seasons and 
lower rainfall tend to doeraase the yields of all crops. This puts the 
sorghums at a disadvantage in a eompftrisoii with corn, which is 
most extensivdy grown in the lower ana more humid portions. 
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Tablr I. — Smnmary of value, of grain sorghumg and corn in Kansas and Oklahoma. 



State and erop. 


of y6Ars 


Yield 
p*r acre. 


Price 


Acre .value. 


Minimum. 


Maximum. 


Average 

for 
period . 


Year. 


Value. 


Year. 


Value. 


Kansas: 




Tons. 


Per ton. 












Kanr 


6 


2.99 


J3. 4S 


1900 


S9.18 


1909 


$11.21 


$10. 33 


Mllo 


6 


2.5.1 


3.87 


1900 


8.31 


1907 


10.01 


9.52 


Total grain sorghums... 


0 


2! 95 


3! 48 


1900 


9.10 


1907 


11.10 


10.28 




Buihfli. 


Per bu. 














fi 


33.1 


.44 


1904 


7.81 


1908 


11.71 


9.83 


Oklahoma: 


















Kafir 


fl 


11.0 


.45 


1904 


3.92 


1907 


7.77 


5.5« 


*llio 


S 


13.8 


.44 


1909 


2.55 


1907 


8.04 


0.31 


Total groin sorghums... 


6 


n.6 


.45 


1904 


3.92 


1007 


8.00 


5.M 




« 


19.4 


.43 


1904 


0.24 


1900 


11.21 


8.20 



IMP110VI¥G THE GRAI¥ SORGHITMS. 

In general there are two ways by wliieh the grain-sorghum erops 
can be made of greater vahie to the grower. The first is by improving 
the varieties; the second, by finding more rapid and oconomical 
metliods of liarvosting. Improved varieties can be' obtained tlirough 
selection of present sorts and by bettering the methods of growing 
them, ^forc rapid and eeonomical harvesting will eome about cither 
through adapting the crops (fig. 4) to present machinery or through 
the invention of new macixines, or both. 

There arc five principal ways in which improvement may be made: 
(1) Increased drought resistance, (2) increased earliness, (.3) dwarfer 
stature, (4) greater productiveness, and (5) increased machine 
harvesting. ' 

DROTJ.GHT HKSISTANCE. 

The grain sorghums arc most useful in regions where moisture is 
often the controlling factor in crop production. Afuch good should 
therefore be accomplished by increasing their drought resistance, 
especially in the areas of lighter rainfall. - 

No one knows exactly what drought resistance is. It is probaJ)le 
that what we call drought resistaneo is the effect of several. different 
factors. The most important of these factors are probably (1) in- 
creased ability to prevent the loss of water by transpiration, (2)^ 
increased development of the root system, and (3) a possible increase 
in power to extract water from a dry soil. 

Differences in the power to control transpiration are well-known 
and readily observed facts. By transpiration is meant the passing 
of water from the tissues of the plant into the air. In the processes 
of their growth all plants are constantly absorbing water from the 
soil through their rootlets and allowing certain quantities of this 
moisture to pass out into the air through minute pores, called 
stomata. This is done in much the same manner as water escajics 
through the animal skin in the form of perspiration. In_ times of 
drought it is important tliat the plant lose as little as possible of its 
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water supnly in tliis way. Tlio plant best fitted to prevent transi)i- 
ration is thus the most drought resistant. In cacti, for instance, this 
ability is highly ])erfected. Corn is much less drought resistant .than 
the members of the various groups of sorghums. Corn is in danger 
when the leaves begin to curl, but sorghums often remain in this con- 
dition for a long time without permanent injury. 

The size and character of tlio root system is probably a strong 
factor in drought resistance. The larger the root system in propor- 
tion to the plant, the better it can supply moisture. The wider and 
deeper its i)enetiation, the larger the area of soil from which it draws 




i'la. 4.— riat ol mllo, selected for erect heads and low stature. 



moisture in time of drought. A deeply rooting plant may bo able to 
seexiro water when shallow root systems lie wholly in dry soil. Tljis 
is entirely apart from possible differences in ability to extract mois- 
ture from a given unit of soil. Such differences may exist, but the 
idea is only a tlieoi-y as yet. Unfortunately, the character of the 
root system can not bo observed while making selections. 

Selections for drought resistance will naturally ho made on condi- 
tions that can bo seen with tho eye. Theso are likely to ho the results 
of a combination of means for actually resisting drought and for 
evading drought. Dwarfnoss, earliness, and thin stands are means" 
or conditions for drofught evasion. By making allowance for them, 
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when present, one can select for actual drought resistance. This 
will be (lone bv using those plants which give best results under 
drought conditions when tliey are neither dwarfcr nor earlier nor 
more thinly planted thaji their neighbors. 

EABLINESS. 

There are two principal reasons for desiring early varieties. The 
first is to extend tne range of grain sorghums into dry regions having 
a short growing season. The second is to secure the fullest possible 
benefit from the seasonal rainfall, which comes largely during the 
early summer months in parts of the grain-sorghum belt. The second 
reason is thus connected with the problem of drought resistance, 
tiiough, as pointed out, carlincss is a means of drought evasion, not 
of resistance. Improvement in carlincss will need to be continued 
for a long timeii varieties are to be perfected for the needs of all the 
dry-farming regions. 

EARLY VARIETIES. 

The milos are much earlier varieties than the kaflrs and are.vcry 
promising material on which to work. In the Panhandle of Texas, 
at elevations of 3,000 to 4,000 feet, they now mature in 90 to 100 days 
when sown May 15 to 20. At present they are grown successfully 
up to an altitude of between 4,000 and 5,000 feet in Texas, New 
Mexico, and Colorado. At higher elevations the growing season is 
shortened to such an extent that the present varieties of milo do not 
mature. At lower elevations their present range extends nortiiward 
into southwestern Nebraska. In northern Neljraska, tiie Dakotas, 
Alontana, and Idaho the increasing latitude and shorter growing sea- 
son prevent their successful maturing. It seems certain, also, that 
the soil, especially at night, is too cool to permit vigorous growth, 
thus retarding the maturing of the plant even where the season is 
otherwise long enough. 

The durra group contains some very early varieties. The only 
one well known in this country is the common White durra (fig. 5), 
which has been called "White Egyptian corn," "Rice corn," and 
"Jerusalem corn" in the successive periods of its popularity. It 
matures as early as or slightly earlier than the milos. White durra 
apparently possesses true drought resistance also and is a good 
yieldcr, but shatters quite badly and is not liked for that reason and 
some others. Some hybrids of this variety with Biackhull kafir 
have been under selection for three years and give promise of being 
valuable. 

The kafirs usually require about three weeks longer than milo to 
mature inider tiie same conditions. An early strain of Biackhull 
kafir dovelo])e(l In' tiie writer, through selection, matures about two 
weeks earlier than the ordinary kanrs and onl;^ three to five days 
later than milo. The old-fashioned Wiiite kalir with white hulls, 
now rarely found in cultivation, was a semi-early sort and would make 
good selection stock if its heads were free from the boot and if it 
was not so rCadily attacked by diseases. Red kafir, which is normally 
a week or more earlier than the Biackhull in the low plains, seems 
86471°— Bull. 448—11 3 
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to bocorao proportionally' later as it is earned westward to higher 
olovations. At the Araarillo Experiment Farm it has been consist- 
ently later tha-n the BlackliuU vari«hty during a period of several 
3'ears. 

The group of kowliangs 'frorn northern China and Manchuria con- 
tfl.ins sorao varieti^ (fig. 6) which are naturally' very early, especially' 
araon^ the brown-seeded sorts. Three of these (Grain Investiga- 
tions Nos. 171, 2G1, and 328) have matured in 80 to 90 day's, thus 
jirovinn; earlier than the milos in the Panhandle of Texas. Some 
promising selections from them have been made in northern Colorado, 
m Nebraska, and in South Dakota. Coming, as they do, from lati- 




Fia. S.—riat er White durra with 100 par etnt of the beads ereet. 



tude 40° or higher, they may prove able to germinate and grow »t 
lower temperatures tli»u the groups whioh have eome from more 
southern latitudes. 

EARLT CROPS AND EARLY SEASONAL RAINFAI.I. 

The efToet of earlines.') in permitting drought evasion is very impor- 
tant. Consider two plants, one earlier than the other, but otherwise 
.similar in all respects. The earlier plant, having a shorter growing 
period, not only uses loss water, but uses it earlier in the season. 
This is of especial importance in those parts of the seraiarid country 
where much of the seasonal rainfall oeeurs in April, May, and June. 
The earlier plant might be able to mature its crop of seed on the 
summer rainfall. On the other hand, the later plant might be crip- 
pled at a critical stage by the exli&uation of the soil mMsture dur- 
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ing dry_ wonthor in August. It is fairly certain tlint in much of 
the Plains region the greater part of the soil moisture in a field is not 
used by the growing plants, but is lost by evaporation under the 
average tillage conditions. 

Milos are earlier than kafirs, but are not known to bo more truly 
drought resistant. At Amarillo, Tex., under conditions of severe 
drought from the middle of July until October, 1909, the milos 
yielded on the average S.3 bushels and the kafirs only 5.5 bushels to 
the acre. In each crop the figures are the average of between 20 and 
30 plats and show that tlio diffcreneo was really in the earliness (and 
perhaps dwarfness, also) of the milos as compared with the kitfirs, the 
yields iu normal years being about equal. 




fie. «.— Ptot otieJeetsri BTOwn l»owH<mg (0. 1. No. 171). 



Tho season of 1910 was still drier, only 10 inches of rain falling at 
Amarillo from January to October, inclusive. Better yields were 
obtained tha.n in 1909, however, because the average stands were 
mueli thinner. Under these conditions 32 plats of milo and Dwarf 
milo yielded an average of 17.9 bushels per acre, while 22 plats of 
ordinary Blackhull and Red kafirs yielded only 3.7 bushels. The 
difference in average yield Is 14.2 bushels. Even if we admit that 
half of this difference is due to the dwarfer growth of the milos com- 
pared with the sta-ndard kafirs, we still have a ga,in of 7.1 bushels duo 
to earlinee* a,lone.' 
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Tho relative vnluos of earlincss and cUvarfness are further indieatcd 
in results obtained from tlirce strains of Blaeklmll kafir. The writer 
has produeed by selection an early strain of tho Blaekhull kafir wliieh 
is nearly two weeks earher than the ordinary strains, although of the 
saino height. In 190S, a favorable season, it yielded about 10 per 
cei^t less than the average of tho ordinary Blaekhull varieties. In 
1909, however, it yielded 10.7 bushels to tno aerc, while 20 ortlinary 
strains averaged only 5 bushels and tho best of them yielded only 
' 10.9 bushels. In 1910, under tho eonditions deseribed it produeed 
7.57 bushels eomparcd with 2.95 bushels from 15 standard plats. 



4 




Vin. 7. -riat or (l« nrr»n(I oarly BIdekhulI kafir (G. I. No. 340). 



Another early strain, wliich is also dwarf, growing to a height of 
tibout 4 feet (fig. 7), yielded in 190S about 4.5 bushels less than tho 
avorapo of tho ordinary taller and later strains. In 1909 it yielded 
14.4 bushels compared with 10.7 bushels from tho tall but early 
strain and an average of only 5 bushels from the ordinary taller and 
later strains. In 1010 it yielclcd 9. 28 bushels, while, as noted above, 
tho tall early strain produeed 7.57 bushels and tho ordinary strains 
only 2.95 bushels per acre. These figures indieato that in 1909 about 
40 per cent and in 1910 about 27 per cent of its increased yields wore 
duo to its dwarfnoss and 60 per cent and 73 per cent, respectively, to 
it* extra eajlineae. 
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SZLZCTIKG FOB. EARLINESS. 

Earliness ean bo dovelopod only by coiitiuuod selection. Sueh 
seleetions ean be made eitlior at heading time or at the time of ripen- 
ing, but are preferably the results of reeords made at both periods. 
When the field or seed plat of the variety begins to head, a number 
of the eariiest heads, which are otherwise suitable for sclcotion, should 
be marked by meiins of tags on which is recorded the date of heading. 
When the he'ads on these selected stallcs begin to show the charaoter- 
istie colors and texture of the hard-dough or ripening stage, the date 
of ripening should be added to the tags. Other things being equal, 
those heads for whieh the shortest time has elapsed between lieading 
and n])oning are to bo considered tho earliest. These should bo care- 
fully saved separately and used for continuing the work another 
season. 

In dry regions where the amount of moisture in the soil commonly 
controls the growth of the crop, the plants at the ends and sides of a 
field arc often the first to produce heads, especially in dry seasons. 
Tliis is beoaiise the outside plants have a larger area from which to 
draw moisture, or beoaiise run-olT water often collects at tho edges of 
fields and provides extra moisture. These early heads will bo the 
first to ripen, but it does not follow that those jilaiits are naturaJly 
earlier than the rest of the field. 

DWARF STATXTBE. 

For the grain-sorghum grower a dwarf variety has two advantages 
over the taller strains. ,It requires lees watw antl ean bo harvested 
with a grain header. 

The larger the plant the more water it requires and the more it is 
likely to lose by transpiration. A small plant which can produce as 
much grain as a largo plant will thus have a real advantage in a dry 
season. This is not true drought resistance, but merely a lower water 
requirement which permits drought evasion. 

As previously noted, the year 1909 was marked by severe drought 
(luring July, August, and September in tJie southern half of tho 
Great Plains. At tho Amarillo Experiinont Farm, in Texas, 17 plats 
of inilo gave an average yield of 6 8 bushels and 10 plats of clwarf 
inilo an average yield of 1 1 bushels to the aore. Tho best plat of milo 
yielded at tho rate of only 16.5 bushels, though in a low piece of 
ground, while the best dwarf milo yielded 23.2 bushels per acre. In 
1910 there was not as muoh difference. Eight plats of milo yielded 
an average of 16.2 bushels per acre, and 7 plats of dwarf milo yielded 
an average of 19.6 bushels. Tho advantage in favor of the dwarf 
variety seemed to bo largely due to the smaller size of the plants and 
the oonsequent lower water requirement. 

The oa.so of tho dwarf and also early strain of the Blaclchull kafir 
(fig. 7) has already been noted under the discussion of earliness. 
How much of its increased yield was due to tlwarfness and how muoh 
to earlier maturity can not he certainly known. Apparently about 
one-third was due to its dwarfness and two-thirds to its earliness. 

The production of dwarf varieties has made possible the use of the 
grain header in harvesting tho crop. A few ingenious farmers have 
sucocoded in raising their headers on timbers until they will cut, with 
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fair satisfaction, tlie onlinaiy tftll varieties, but it is not likely to 
become a general practice. In case a successful row hendor is invented 
«it is more likely to work well on low varieties than tall ones, especially 
in windy regions. 

Selecting for dwarf stature raises the question of the ability of a 
lant to produce as large seed yields after the stalk and leaves have 
ecn reduced in size. How far can reduction in the size and height 
of stems be carried without reducing the total leaf area? How far 
can reduction of leaf area bo carried without reducing grain produc- 
tion ? These questions can not be answered except by long-con- 
tinued investigations. The limits of profitable reduction in size will 
vary with climatic conditions of difTerout regions. While these limits 
are not vet fully known for any region, there is fair i)roof that tho 
standanl varieties of the central Plains .region can bo mucli reduced 




Fio. 8. riiU ol select Dwarl milo. 



without passing the lower limit. The Dwarf milo (fig. 8) and 
Dwarf ka/ir are only 3 to 4 feet in height under conditions that make 
tho normal crop 5 to 6 feet in height. The Dwarf niilos outyicld the 
standard milos even in favorable seasons. The White durra, which is 
low, yields as much as tho kafirs, which are of mediunx height or 
taller. Tho Dwarf kafir, although recently produced, seems likely to 
hold its own in a series of years. An pxtra-dwarf Brown kowliang 
has boon obtained in China. Tt grows to a height of about 2 feet, 
but, like most newly introduced sorghums, does not show high 
yielding power. i 

Those crops have originated in subtropical lands and aro commonl}' 
inclined to large growth. While they have been used chiefly for 
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grain production in their native liomes, it has heen hy more or less 
primitive peoples, and the returns have not been large. Since coming 
to this country most of the standard varieties have been rechiced in 
size and at the same time increased in yielding power. The limit of 
profitable dwarfness has probably not been reaelied; it certainly has 
not been passed. 

PRODUCTIVENESS. 

The two keys to increased grain yiekls are better vnrieties and better 
methods of grpwlng them. Better varieties mean pure and smut-free 
crops, with better filled and perhaps larger heads, erect and fully 
exserted from the boot, borne on stalks with fewer suckers and no 
branches. Better methods relate to proper and even spacing of 
stalks in the row and to thorough cultivation of the growing crop. 
They also_ include ])roper rotations and suitable tillage of the land 
when not in crop. Selections for better yields may naturally be con- 
tinued as long as the crop is grown. No one may say what returns 
will finally he obtained. Wc may reasonably hope, by continued 
effort, to mercase greatly the present average yields. 

PTTKE VAKXETXES. 

Extended travel and observation in the grain-sorghum belt show 
that many of the fields of (Hfl'erent kafir and milo varieties are not 
pure. The same is true of the fields of sorgos or swoet .sorgluuns and 
of broom corn. This condition comes from two causoe, mixtures and 
hybrids. Usually both are present, because mixtures quickly result 
in hybrids. 

The advantages of ])ure cro])s are many and easily seen. Pure 
varieties are most likeh' to be uniform in height and in time of ri])en- 
in^, and hence are easy to harvest. The grain is of much greater 
value for seed purposes and also obtains a higher grade and commands 
a better price on the grain market. It is also better as a feeding grain, 
because more uniform in quality. 

Mixtures readily result from carelessness in cleaning empty bags, 
bins, wagons, and separators, or in storing the seed. Most of the 
mixing from these causes may he easily prevented. The ])resence of 
other varieties as volunteer crojis in the fields is also a common cause 
of mixtures and one not so easily controlled. Early Amber sorgo 
and related strains are very common and troublesome voluntetr crops 
in western Kansas and Oklahoma. The damage done by these 
mixtures of varieties can be largely remedied by roguing the fields; 
that is, removing by liand all jilants not true to the variety grown. 
Where not possible to rogue nn entire fiekl, a ])art may be cleaned and 
the seed saved from that jiortion. 

Crossing or hybridizing is more common in the sorghums than in 
most other farm cro])S. This is because they are all o])en fertilized; 
that is, intended to be cross fertilized by means of the wind. The 
three stamens (pollen-bearing or male part of the flower) and two 
pistils (i)ollen-receiving or female part of the flower) all appear outside 
the glumes or hulls of the flower in the early morning. The anthers 
or pollen sacs open at the end, and the i)()llen grains are quickly 
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emptied into the air as the anthers swing in the wind. The pollen is 
quite as likely to be carried on the breeze to the flower on some other 
plant as it is to fall upon the pistils projecting from the flowers on the 
same plant. The case with which such crossing occurs is increased 
because these crops are most largely grown in regions of fairly constant 
winds and because their greater height enables the wind to carry the 
pollen farther than in the case of lower crops. 

Crossing is likely to occur whenever two varieties are growing near 
eftch other if they are in flower at about the same tiuie; hence, when- 
ever mixtures of different varieties are found in a field, hybrids are 
almost certain to be formed and to appear in the crop the following 
year. In the grain-sorghum belt many of these are caused b^ the 
])rcsenco of Earlv Amber and other volunteer sorghum varieties in 
the fields of nearly all farms. Hybrids also result from j)lanting the 
fields of different varieties too near together. Just how far a])ayt the 
fields shoidd be to insure safety from hybiidizing is an open question. 
In the Great Plains area the prevailing winds arc from the south anil 
thealtornatingwinds usually from the north. Crossing, therefore, takes 
place at greater distances in a north and so)ith line than in an cast and 
west line. Wliere two fields lie north and south from each other, a 
distance of 8 or 10 rods would probably bo required, and 15 or 20 rods 
would bo preferable. Where the fields lie east and west from each 
other, the crops would be fairly safe from crossing tit shorter distances 
th»u those stftte<'l. 

SMTJT-FKEX VARIETIES. 

There are two kinds of smut affecting sorghums, head sinut and 
kernel, or grain, smut. In the former the young head hoeomos a 
black mass of smut snores, inclosed at first in a grayish covering or 
meuihrnne. In the kernel smut the seed is the onl>- part visd)!}' 
affected. The head looks much as usual except that in the ease of 
white-seeded varieties it is much darker in apT)eayance. The se©<Is 
sue replaced by longer, gray smut kernels, full of^ black spores. These 
smuts occur on all kinds of sovghums except niilos. Neither smut 
has over been found on the varieties of the milo group. 

The head smut is not very common, which is fortunate, because 
no means of controlling it is yet known. The kernel smut is quJto 
common, and often completely destroys from 2 to 10 ])er cent of the 
heads in a field, reducing the yields of grain in the same ])roportiou. 
It can easily be controlled hy the modified hot-water treatment or by 
the use of formalin.' 

■*TT*K TIEUJIjrB VAUIITIEl. 

Better yielding varieties may come originally from an experiment 
station or other source, or they may he ])roduccd by the farmer him- 
self from his own fields. In either case tlic grower must continue the 
selection from year to yeiw. In its simplest form this will mean the 
seloctino; of stalks of desirable size and habit, bearing large and well- 
sliajicd licads (figs. 9 and 10), well loaded with jdump grains. This 
requires, of course, that the work of selection be done in the field. 

I Foil directions for iislnj? three treatments are given In Circular 8, revlseO, n\irea\i o( Plant Industry, 
U. S. Dept. of Agriculture, entltlBd " The Smuts »f Swghujn," which may lie obtained free on application 
te t^e Beerfttcury ol Ag>(e<#tt»». 
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Heads selected in the bin or crib tell little of the stalk on which they 
grew. The work should be done before harvesting begins and a 
siifRcient quantity selected to furnish nlenty of seed for the farm crop 
of the next year. Where early selection of seed has been neglected 
the selections may still he made during harvest, if harvesting is done 
by hand, A small box, fastened to the near side of the wagon bed, 
will serve to reeoive the selected ho*ds. Careful selecting is not likely 




Fio. 9.— Two heads of rallo, showing desirable and imdeslrablo lorms. 

to he done, however, in the hurry of harvest. Where machine heading 
is practiced this method is, of course, not possible. 

The sclcctc(l heads may be hung up in a dry place or laid in thin 
laA'crs on sliclves and thrashed in the spring. If they are thrashed 
in' the fall, the seed should be carefully stored in a cool room, and 
preferably in bags rather than in bins. There is much danger of 
lowering or d^troj'ing its vitality if it is allowed to heat. 

D«»irable S'orms of HMdat. 

Well-filled heads. — It is important that the heads be well filled at 
the butts and tips, as in the case of corn cars. Less attention has 
been given to this matter than it d^erves. Figure 9 shows desirable 
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and uiulcsinihlc foniis of iiiilo licftds, mid figure 10 shows desirable 
lieatls of BUckliull kafir. ^Ulo may be taken as representing diirras 
also, while the kafir niay be rcfjarded as the proper shape for kowliaugs 
ns well. The poorer head eoutains less grain and is therefore less 
produetive. It also contains a larger proportion of fiber and honee 
IS loss valuable as a feeding ration. 

The heads selected should have shorter branches at the butt than 
ill the rest of the head. These lower branches should be loaded with 
se»<i down to the jioint where they join the rachis or central stalk of 




Km. in.— Two planMof filarkhuU kafir, SJ fort high, sclpctod for high yielding power. 



the head. Long basal branches arc likely to droop and findly break 
away under the combined stress of weight and Avind. 

Fully exserted heads. — It is also important that the head be fully 
cx-scilcd from the boot-, or upper leaf sheath. No seed is jiroduccd 
on the part not exserted, which often becomes moldy or rotten if wet 
weather prevails. Corti car-worms (Ileliothis ohsohta) and false 
army worms (LapJiygma fnigiperda) breed in such places and add to 
the injury. When these heads with spoiled butts are piled with 
others they are likely to cause damage to the whole heap. Varieties 
in which tlio heads "arc not fully exserted are also more difTieult to 
harvest by hand or machine. 
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The main j^ricultunil cliilerence between White kafir and BlackliuU 
kafir is that the heads of White kafir never become fully exserted from 
the boot. White kafir was the first kafir variety to come into general 
cultivation in this eouutiy, but it has since been almost wholly dis- 
carded, largely for this reason. Blaekliull kafir, the present popular 
variety, beai-s the heads normally entirely free from the boot (Hg. 10). 

Large heads.— In selecting for large heads the proportionate size 
of the stalks must always be considered. Not the largest head alone, 
but the largest possible head on the smallest stalk is the most desir- 
able selection. The grain sorghums arc for use where limited rainfall 
is the principal eontroUing factor in grain production. Larger plants 
use and trausj)ire more water than smaller ones. Selection should 
bo made where the stand is uniform and fairly thick, and shouhl 
include the largest and best heads produced under sueli conditions. 
They should not bo made from the outer row of the fiehl or plat, or 
from places where the stand is thin, even though the larger heads are 
found in such places. From G to 7 inches or row for each stalk is 
considered the proper spacing for milos and 9 to 10 inches for kafirs 
in the higher plains. 

Average weight of heads. — The average weight of heads varies 
vnth the stand and seasonal conditions. Close spacing of stalks in 
the row or an unfavorable growing season reduces the size of the 
heads, oven if they are weU filled. Widesp acing and favorable con- 
ditions cause larger and heavier heads. Under average field condi- 
tions the heads of milo and Dwarf milo weigh from 3 to 4 ounces and 
those of durra varieties about 3 ounces each. In the kafir group the 
heads are normally much heavier, weighing from 4 to 6 ounces, wliile 
kowliang heads vaiy between 3 and 4 ounces each. 

I>«rc0ntag:e of Gkrftin in Total Crop.' 

The percentage of grain in the total crop varies greatly with the 
character of the season in which the crop is grown and with the 
stand of stalks. Some experiments indicate that under ordinary 
conditions milo and Dwarf milo will produce from 35 to 40 per cent 
of their total weight in the form of grain. In BlaekhuU kafir, and 
probably Red kafir also, the average will be about 25 per cent, on 
account of the heavy stalks and leaves of the kafirs. For the 
kowliangs the proportion will be about the same as in milos. One 
plat of milo at the Dalhart Experiment Farm, Texas, in 1908 yielded 
47.2 per cent of its weight in grain. Three plats yielded above 40 
per cent. On the other hand, in seasons of drougnt or other unfa- 
vorable conditions the percentages of grain may fall to one-half or 
less of the averages given above. 

Freedom from Suckers and Branches. 

All sorghums apparently have the habit of producing both suckers 
and branches. There is, however, considerable difference among the 
groups and varieties in this regard. Suckers seem to be produced 
normally, branches only imder somewhat exceptional conditions. 
They wdl be discussed separately. 

' See Bulletin 208, Burewi ol Plant Industry, U. S. Dept. of AgricuHure, entitled "The Impostsnce ajJd 
Improvement o! the gr»ln sorghums," by Carleton R. B»ll, for « dl»cuMlon of tabul»ted results. 
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Suckers. — These arc produecd from the eloselj' erowdcd lower 
nodes or joints of the stem, just at the surface of the ground. They 
appear in some eases almost as early as the main stalk itself and in 
other cases not until the main stalk is well grown or oven after it has 
begun to mature its seed. They may vary in number from 1 to 10 
or 15, according to the habit of the plant or to the particular environ- 
mental conditions, such as abuntlance of food, moisture, etc. Though 
their heads are usually smaller, suckers differ from the main stalk 
cliiefly in height and earliness. They are usually rather lower and 
almost always later in maturing, often veiy much so. Where the 
latter jiart of a season is more favorable than the earlier, suckere 
often grow taller than the main stalk. Their difTerence in stature is 
objectionable only in harvesting, but their late ripening is a more 
serious mutter. 

Tlio value of suckers in grain-soi^hum crops is still a debated ques- 
tion. Many of the advertisements ofTering the seed of these crops 
dwell at length on their power to produce several stalks from one 
seed. Considering the cheajiness or the seed of grain sorghums and 
the exceedingly sniaJl quantity (2 to 4 pounds) needed to plant an 
acre, the grower can well afford to require only a single stalk from a 
single seed. In a forage crop, where abundance of leaves is wanted, 
suckers may be verj' desirable, but in a grain crop rcc^uiring little 
seed the weight of evidence is against them. Their existence may 
be partly justified by their help in making a fuller crop where a thin 
stand occurs. This is largely offset by their somewhat later matur- 
ing. It is a question whethw the seetl produced really pays for the 
foo<l and moisture used. 

Selections shoidd then be made with tlie object of entirely remov- 
ing suckers. This can best be done by selecting heads from stalks 
which produce none. In ease the crop on which selection is begun 
floes not contain any stalks wholly without suckers, the selection 
should bo made from stalks which have only a single sucker or in 
which the suckers are very small and appear very late in the season. 
In tliis way the tendency to produce them will gradually be overcome. 
Closer planting in tlie drills will also have this effect. The com- 
bined eueet of these two methods will materially reduce the numbers. 

Branches. The stems of all sorghums, like those of corn, are made 
uj) of alternate joints, called nodes, and elongated sections of nearly 
round stem called internodes, meaning literally "between the nodes.' 
The peduncle is the rather long section of the stem which grows from 
the uppermost node and bears the main head. A leaf arises at each 
node. The lower part of each leaf is called the sheath and is a collar 
which tightly incloses the internode for some distance above the joint 
or node from which it grows. A little bud is borne at every node 
except the uppermost, vdiieh bears the main peduncle instead. These 
buds lie snugly in a little furrow in the internode, with the leaf sheath 
wrapping them like an overcoat. Wh(» conditions are favorable, 
those buds develop into branches. 

Branches are most likely to be produced when the weather remains 
warm and moisture is abundant late in the season. The uppermost 
bud develops first, the yoimg branch forcing its way out at the top of 
the leaf sheath or by splitting the back of the sheath. It then rap- 
idly elongates, puttmg out leaves and finally a terminal seed head. 
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It thus becomes a miniature stalk, growing on the parent stalk and 
exactly^ like it in all respects except size. Meantime the buds at the 
suec«ssiyely lower nodes have been making similar growth. If tlio 
season is long enough and the moisture sufficiently abundant, all 
these developing buds will become fruit-bearing stalks. In extreme 
eases the lateral buds on the oldest or ui)i)ermost branches will them- 
selves develop into branches. This compound branehing could go on 
indefinitely if permitted by seasonal conditions. 

The heads on these branches are much smaller and less produetivo 
than those on the main stalk. They are also much later in maturing. 
Advertisements whieh state that a single stalk i)roduces from four to 
ten large heads are wholly misleading. The branches themselves, 
arising first from the upper nodes, make the plant top-heavy and 
likely to lodge. The presence of branches interferes with the har- 
vestmg of the grain. It often delaj^s the maturing of the main head. 
Branches also use water tliat .should remaui in the ground for the use 
of the next crop, without making any adequate return. They are 
therefore wholly objectionable and should be prevented by selection 
and proper i)Iftnting wherever they tend to occur. 

BETTER METHODS OF PRODUCTION. 

Only methods of planting and the proper cultivation of tlie crop 
will be treated here. Rotations and general tillage to conserve mois- 
ture have their influence on croj) improvement. In a new country, 
however, strict rotation systems can not be followed, and the general 
methods of dry farming need not ho given in this jiaper. The princi- 
ples are two: (1) Till so as to absorb the rainfall and (2) till so as to 
prevent evaporation. This subject has been fully treated elsewhere.' 

Proper stand or row space. — The whole question of the proper stand 
or row sjjace for the (liflterent varieties under different conditions of 
soil and moisture is one of which little is yet known. It is not the 
plant having the largest head which makes the biggest acre yield, but 
the j)lant whicli can produce the largest heml whde growing in the 
smallest possible row space. 

The results of four yeai-s' exi)eriments at the Amarillo Experiment 
Farm, Amarillo, Tex., indicate that in general the kowliangs yield 
best with a stand of 1 stalk in each 5 or 6 inches of row; tlie milos 
and durras with 1 stalk in each 7 or 8 inches of row; and the kafirs 
with 1 stalk to each 9 or 10 inches of row In all cases the rows are 
3J feet apart, and as far as possible the seeds are dropped singly in 
the rows (fig. 11). Under these conditions improved vanotios in each 
of these three distinct groups give approximately tlie same yields. 
The Amarillo Experiment I arm lias an elevation of 3,000 feet and 
an average annual rainfall of 22 incites, thp larger part of which 
eomes during the growing season. Further investigations, continu- 
ing the experiments through a longer period of years, may discover 
that better average yields will be produced at other spacings than 
those noted above. 

It is probable that at other locations better results will be secured 
S.t other rates of j^lanting than those given for Amarillo The rate 

1 Seo Farmors' Bullotln 25«, entitled "ManaRoraont of Soils to Conserve Moisture," which will bo sent (rce 
on application to tho .Soer&tary of Agriculture, Wsshlngton, D. C, or to any Member af Congrass 
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will vary with different elevations, difTerent amounts of annual rain- 
fall or a difTerent proportion of it during the growing sa»son, and with 
differenees in the eharaeter of the soil. 

Drills or hills. Another important question which has not jet heen 
madotho subject of experiment to any extent is the comparative value 
of planting in drills and in hills. For instance, 1 stalk every G inches 
in the row, or 2 stalks in a hill every foot, or 3 stalks in hills 18 inches 
apart, or 4 stalks in a hill and the hills 2 feet apart would all give the 
same number of stalks j)er acre. Would they give the same results 
in bushels of grain per acre? The answer is not known. All tiie 
evidence »t hand indicates that the advantage is in favoi- of a singls 




Fw. II.— I'W of Brown kowMtag, jhowing iMka singly sHd •vanly s^meac) In th« row. 



Stalk in a i)lace. Experiments with corn seem to show that where 
from 3 to 5 kernels are planted in a hill better results aj-o secured 
when the kernels arc .seattoi-««1 a few ineliQ* apart instead of being 
dropped in a bunch. 

Asule from the immediate nuestion of yields, however, there are 
other reasons for preferring planting in drills rather than in hills. 
These reasons are connected with the production of snckors und 
pendent heads. Observations indicate that the fewest suckci-s 
and pendent heads to the stalk are produced wlieo-e the stalks 
stand singly. Whether this be true or not, it is csrtain that 
where the stalks stand one in a place it is much more easy to 
deterrahie whether suckei*s are produced and to take .steps to g^ 
nd of them by selection. 
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PUnUr pl»t««. — The difnculty of socurin^ proper rates of i)lnntiiig 
is partly duo to an idea persisting in tlio uiinds of growers »iid paj tly 
to Jack of suitable ])lntos. Wltou the fornip.r is cunectpd, the l«tt»r 
can bo easily obtainod The first sorghums oxtonsivcly cultivntcd in 
tills country were tiio sorgos, wiiich are fonific crops iiiid tis sucli 
ore jilnntcd thickly. The other lending groups, tiio niihis and kafu-s, 
were tilso first regarded as forage phiiits and sown quite thickly. Corn 
planters wero equijined with "eaiie" jilntes which dropjiod 10 to 25 
seeds in a foot of (Ifill. In tltia way tlte idea of tliieic soodiug fcM' 
sorghums became linnly fixed in the niiitds of growers. 

Tiio value of the milos, knfirs, and durrns as grain produeers was 
only gradually recognized. The necessity of ])lantiiig thiiil.y where 
liign grain yieJds were d«Bire<l wns renlizod oven more slowly. Thougli 
this necessity is now hdiuj »tm\ by the great body of graiii-sorgluiin 
growei-s, there is not ret knowledge nn(l a{?r»«Mneiit as to tlte jjioper 
rates of jihinting. These vary with different conditions niid must 1)« 
made the subject of extensivo exiieiiinents. Meantime the inmin- 
facturei-s of niantci-s, though reeogiiiziiig the deninnd for ditrcreiit 
plates, have Inid little data on which to create a suituhle supjjly. 

So far as the size of the seetls is concerned, inobnbly only two sets 
of jilates will he neeiessary in order to droi) a single s«««h1 at a time of 
any varietr. The two sets will hnve the holes (rt dilfereiit sizes siid 
perhaps of slightly different slini)es also. !Milos niid durras hnve 
rather large seeds, more or less round in outline. Kafu-s and kowliaiigs 
have smaller and more nearly oval seeds. 

Having these two sets of jjlates, certain variations ui the rate of 
jilanting will he necessary in order to space nro])erly the seeds of 
different varieties in the drill. Kor instanw., tlie skmmIs of kafu-s ajid 
kowliangS will drop singly through the, same hal«, hut the hftiii-s 
should be jilaiited 10 inches a])nrt and the kowliaiigs onlv 5 or 0 inches. 
This variation in rate is secured in two ways: (1) By tlie adjustment 
on the ])laiiter which chnu<;es the s])eed of the i)late and (2) by 
using plates drilled with different iiuiiihei-s of holes. Where i)lat(V5 
with the proper iiuniher of holes are not nurchnsnble, blank phitas 
can he securwl luid drillwj by a blacksmith. Ctt.re should be taken 
thaX the holt» are couutei'sunk on the lowai* side of t.lie plat<' so tJi*t 
seeds will m>t Jmoom* w«»flge<J Lii tli«n. 

4.DAJ>TABILITY TO KACHJlf* HAWDUMG. 

More than ever is it true that the demand is strong for crops which 
may be handled readilv and profitably by niachincry at every stage 
in tlnyr production. ^Inis has long heeai true of the small-grain eroi>«. 
Corn ajid cotton are exajiiples, however, of two great staple cj-ops 
which must still he gathered by hand. However, many and v»ji«d 
efforts are being made to jiroduce machines which will gmihtif iJbe 
ears of corn an(l the lint-covered seeds of the cotton. 

If the grain sorgliums aro to become staple crojis on a large scale 
they must be adapted to machine handling. In the early years of the 
cultivation of milo and kaiir as importiuit crops, there were two methods 
of Inirvesting in vogue where seed was desiretl. The first was to cut 
tli« crop, stalk and all, with the corn binder and cure it hi the shock. 
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The heads were then out from the bundles with "a knife, saw, or 
hatehet. The seeond method was to cut the heads by hand in tlie 
■field. This was (lone with a knife and the heads were thrown into a 
wagon body, like ears of corn. Both these methods are in eomraon 
practice to-clay. 

Some years ago thcro was invontod a header designed for use in 
heading kafir. Though still in use to some extent, it has never been 
a popular or widely used machine. It is rather heavy, not running 
upon its own gear, h\lt attaelied instead to the side of the wagon box. 
It is heavy and hard to handle, destructive to the wagon bed, and not 

suseeptii)Ie to quick 
and wide adjust- 
ments, ^foreover, 
it heads but a single 
row at a time and 
is rather expensive, 
considering all these 

Eoints. It can not 
e used on milo be- 
cause of the large 
number of pendent 
heads, or on Dwarf 
milo because of its 
low growth. In re- 
cent years many at- 
tempts have been 
ma(le to invent a 
satisfactory row 
header which would 
he free from the o])- 
joctionablc features 
mentioned. So far 
these -efforts have 
not been successful, 
though one of the 
nniehines gives con- 
siderable promise. 

Since the intro- 
duction of Dwarf 

Fia. 12.— Mllo heads; one pendent, one erwt. milo it has been 

found possible to 

liarvcst it rapidly and satisfactorily bv means of the oramary grain 
header. The standard milo and the kafirs are too tall for easy han- 
dling with this machine. A few ingenious farmers have, however, con- 
trived to raise their headers on planks to a point where they will 
gather these taller crops with a fair degree of satisfaction. One great 
advantage of tlie grain header is that it enables the farmer to harvest 
his small grains and his feeding grains with the same machine. As 
it cuts a number of rows at a time, the work is done rapidly and a large 
area is easily iiAtttllad. 
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Two facts still prevent the general use of the grain header for these 
crops, viz, their height and the presence of ])en(lent heads in some 
varieties. Here is a problem in selection for the fanner. Dwnrf 
strains of kafir must bo ])erfected to equal the Dwarf milo already ho 
popular. Varieties with erect heads must bo had in all milos ond 
durras. 

PENDENT HEADS. 

There are four great groups of grain-produeing sorghums now under 
cultivation in this country. These are milo, durra, kalir, and kowliang. 
The first two groups originally had pendent or "goosenecked" heads 
(fig. 12). In the last two groups the lieads are normally erect. 
The durras are but little grown oecauso of the wastefid slmttw'iag 
of the seed, tlio irritating hairs 
on the glumes, and the jjendent 
heads. A strain of White chirra 
has been perfected in which 100 
per cent of the heads are erect 
under all conditions. Improve- 
ment in the milos has not ])ro- 
gressed so far. Tlic percentage 
of erect heads varies irom 50 to 
95, depending, perhaps, more 
upon tlio character of the sea- 
son than on the particular 
strain. This character does not 
yield readily to selection. It 
doubtless can be entirely elim- 
inated, however, by long-<»a- 
tinued selections. 

Pendent heads seem to bo 
the result of deep-seated habit 
in the ])lant. Because the larg- 
est, heaviest heads are most 
likqly to be pendent, some per- 
sons believe that the bending is 
caused by the weight of the 
head. This is not true. The 

Eeduncle, or' stem bearing the 
ead, often begins to turn down 
as soon as the head comes out 
from the hoot and before it is 
at all heavy with seed. Strong, vigorous stalks are most likely to 
produce ])endent lieads. Enough desirable stalks bearing erect 
heads can usually be found, however, to allow selections for crectness. 

Our e.x])eriment« show that the planting of these crops rather thicikly 
in drills tends to prevent too great a vigor of growth and therefore 
cheeks the production of pendent heads without decreasing the yield. 
With the same number of plants per acre, those planted in hills 
appear to produce more p«nd«iit heftds tha>n those S},>«o«<l ev«iU3' in 
drills. 

The diagram shown in figure 13 is tentatively suggested as an aid 
to those who are recording reeults in breeding t-heae crops, Tlio 
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half circle through which the head may pass in shifting from the 
absolutely erect to the absolutely pendent position is divided in 
this diagram into four sectors of 45 degrees each. The head not 
inchiiod more than 45 degrees from the perpendicular is called erect, 
and is so for all practical purposes of harvestnig. Between 45 degrees 
and the horizontal it is called inclined, and in the first 45 degrees 
below the horizontal it is called declined, while below that it is called 
pendent. Though nil such heads are not really pendent, the heiuler 
must be set about as low in order to harvest them as if they were 
hanging straight doAvnward. 

GIVE THE BOYS A CHANCE TO SELECT GRAiN-SORGHUM SEED. 

Complaint is commonly made that the children iire not interested 
in the farm nnd that many of them leave it as soon as possible. 



dcfiuito to do in the wiiy of improving the farm nnd' its products. 
Once st^n-tod, tlioy should be encouraged to feel responsible for 
i-esults. They should also receive a money return, however small, 
for' the improvement resulting from their efforts. 

The fonnatiou of various boys' and girls' clubs, especially those for 
the growing of corn, is heljiing to create interest in the things of the 
farm. They are real stejis in the right direction nnd should bo 
cxtendex] to cover all farm crops, poultry, and live stock. But 
it is not uecofwarj' to awnit tlie formation of a neighborhood club in 
order to interest the boy in selecting better seed. Help him to make 
selections from the j'ear's crop. I^t him prepare it for storing over 
winter. Set aside a field on which he can plant it the following 
spring, riant alongside it some unselected seed. Assi.st him in 
com|)nring the two liclds. Encourage him if striking results are not 
obtMine<l the first year. Give him a fair share of the profit whmi 
profit results from liis labors. Tiie best result will be the increase of 
intp-rest and knowledge in the boy. 



The "graiu-sorghum belt," broadly .s[H)aking, is the southern half 
of the Great rinins region, nearly 4UU miles wide Hnd 1,0U0 miles long. 

It is a region of h)W rainfall and high evaporation, of varied soils 
«.ud considcrnblo elevation, with correspondingly shortened seasons. 
It is suited to become a noted stock-feeding region. 

The grain sorghums, includin'' milos, durras^ kafirs, and kowlianpjs, 
lire of recent introduction and liavo become important only within 
the Inst 20 years. By their eaiiiness, drought resistance, antf adapta- 
bility they are especially fitted for growth under Plains conditions. 

Sorghum grain is largely used for feeding stock on the farms where 
it is grown. Its feeding value is nearly c(|ual to that of corn. The 
])roteiii content averagae higher than that of corn, the fat and fiber 
coutont lower. 

Any sunilus is ■readily marketed m whole grain or as chops for 
feeding purposes. 



Interest can be awakened 




something 



SUMMARY. 
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Sorghum grain is in much demand for poultry food, for which it is 
admirnhly suited. Over 25 per eent of the ingredients of prepn-rcd 
])oultry foods in the eastern United States is knfir grain. 

It seems probable that the meal ean be used as readily as eom 
meal for human food and that both the meal a-nd flour ean be used 
in mixtures with wheat flour if desired. 

Kansas and Oklahoma grow annually over 1,250,000 &eres. It is 
])robablo that an equal area is grown in Texas also. 

The grain-sorghum acreage in Kansas is nearly 10 per c«it of the 
corn acreage and in Oklahoma over 12 per eent. 

More than half the kafir and over 95 per eent of the milo is grown on 
the dry lands west of the ninety-eighth meridian. In this region tho 
proportionate aeroagc of grain sorghums to corn is steadily increasing. 

In spito of the less favorable conditions imdcr which much of tho 
crop is grown, the average acre value of the grain sorghums in Kansas 
is higher than that of corn, and in Oklahoma it is 70 per cent as great. 

TIic grain sor<5hums may be greatly improved through the selection 
of better varieties and the use of better methods. 

Improvement will bo chiefly in the direction of (1) drought resist- 
ance, (2) earlincss, (3) dwarf stature, (4) productiveness, including 
erect heads and freedom from suckers and branches, and (5) increased 
machine harvesting. 

The drought resistance of the grain sorghums is very important. 
It is j)rol)ably a combination of several characters, some actually 
drougiit resistant, as controlled transpiration and a strong root 
system, others only drought evasive, as earliness and dwarfness. 

Improvcineiit in earliness is nt^oessar^ in adapting the crop to 
regions having a short growing season. Early plants take advantage 
of early scusonul rainfall and also have lower water requirements. 

Afilos, White diirra, and some Brown kowliangs arc normally early. 
Two early strains of Blackhidl kafir have been produced, one tall and 
one dwarfed. 

Dwiirf stature lowers the water requirement of the crop and pe-r- 
iiiils heading by machinery. Dwarf varieties are now to be had in 
all groups. 

Better yielding varieties may be produced by selecting for wcll- 
sliapcd, wcll-fdicd heads, fully cxscrted from the boot and as large 
as possible in proi)ortion to tho size of the stalk. 

The value of suckers in tho graiii-sorghum crops is doubtful. They 
are often shorter and usually later in maturing. Soed is so cheap 
and so little is used per acre that only a single stalk from etich seed 
need be required. 

Branches arc utterly worthless for grain production in proportion 
to their objectionable features and should bo eliminated. ■ 

Experiments show that under Panhandle conditions kowliangs 
give best yields with a stand of one stalk to each 5 or 6 inches of 3 J-foot 
rows; milos and durras each 7 or 8 inches, and kafirs each 10 inches. 
Under different conditionsthespacing will need to be varied somcwlu t. 

Better resists are probably secured from plants single in the drill 
than from the same number of plaJits in hills. Single stalks are 
also more easily selected atid harvested and seem to produce fcw*r 
suckers. 
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To plant single seeds of the different grain sorghums two sets of 
plates are needed, with holes of different sissee, one sot for milos «,nd 
durras and one for kafirs and kowHan^s. 

To space different varieties properly in the drill, speed adjustments 
on the planter or plates with different numbers of holes will suffice. 

The ordinary grain header harvests low varieties, like Dwarf milo, 
with complete success. The invention of satisfactory row headers 
or the growing of other dwarf varieties will solve the harvesting 
problem fmally. 

Pendent heads are usual in some varieties. Thcj' can be slowly 
eliminated by selection and proper planting. 

The boj's of the farm shoulu bo interested" in seed selection to 
improve farm crops. Give them a chance with the grain sorghums. 



[A list giving the titles of all Farmers' Bulletins available for distribution will be 
g«nt froo upon aiiplicatioii to a Member of GongroBB or the Secretary of Agriculture.] 
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